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Fig. 1. The geometrical structure of an a-Ng cell.
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Fig. 2. (color online) The schematic geometry of modeled N2-molecule solids. Red lines represent a crystal

cell and the dash lines are plotted to denote the zone where without molecules.
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Fig. 3. (color online) The calculated infrared spectra

of N molecules.

£ RAPRER IS S BEP RS T (A A)

Table 1. The average bond length of a nitrogen molecule calculated using the two different methods (in

units of A).
N TR
WIRES
1 23 30 38 50 63
B3LPY 1.118370 1.118081 1.118052 1.118030 1.118010 1.118004
HF 1.089126 1.088997 1.088990 1.088985 1.088977 1.088809
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Fig. 4. (a) The average vibrational frequencies of

molecules for each model; (b) the average bond length

of a molecule for each model.
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Fig. 5. (a) The average vibrational frequencies of sur-
face and inner molecules for each model; (b) the frac-

tion of surface molecules for each model.
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Fig. 6. (color online) The average vibrational frequen-
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Ni26 model are illustrated in the insert.
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Effect of local coordination environment on molecule
vibration in Ny-molecule solid
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Abstract

The vibration feature in a molecule solid is an important character of its structure. The different vibration frequen-
cies of isolated nitrogen molecule (N2) and nitrogen molecule in the solid state are explored. Five solid-cluster models
with the different numbers of nitrogen molecules (N4, Ngo, N76, N1oo, and Nigg) are constructed on the basis of a-Ns
crystal structures. The density functional theory is used to calculate the vibration frequencies of nitrogen molecules.
The calculated infrared spectra and average vibration frequencies (AVFs) of the optimized structures for the five models
are compared with each other. The results indicate that the AVF of nitrogen molecule in solid model is higher than that
of isolated nitrogen molecule due to the collective effect. It is found that the AVF increases with increasing the number
of molecules. The AVF of the inner molecules is always higher than that of surface molecules in the solid. On a whole,
the vibration frequencies are ordered as Vinner > VUsurface > Visolated fOr each case. The local coordination environment is
believed to be mainly responsible for the differences in frequency among the isolated, surface and inner molecules. The
bond length of molecule in solid is shorter than that in an isolated molecule, thus resulting in a stronger bond force and
a higher vibration frequency. Similarly, due to a smaller number of molecules interacting with surface molecules, the
bond force between molecules in the solid surface is weaker, thus resulting in a lower vibration frequency than in the

inner region of solid.

Keywords: Ny-molecule solid, vibration frequency, density functional theory
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